Surgical reconstruction of the anterior cruciate ligament (ACL) is one of the most common orthopaedic procedures, with an estimated 100,000 to 175,000 ACL reconstructions (ACLRs) performed annually. 5, 9, 10, 17, 20, 24 The number of ACLR procedures performed in the United States has increased significantly since the mid-1990s, owing in part to a dramatic increase in the number of ambulatory procedures undergone by female patients. 5, 9, 13 Recently, the all-inside reconstruction technique has come into favor and is theorized to be superior to the complete tibial tunnel technique. Allinside reconstruction uses a socket for both the femur and tibia that accommodates the intraosseous length of the graft. Advantages of all-inside reconstruction include preservation of femoral and tibial bone mass, less cortical bone periosteal disruption, decreased postoperative pain, and, in most cases, a single hamstring tendon harvest that produces a larger diameter graft. 2, 15, 23, 30, 31 However, possible disadvantages of all-inside reconstruction include, but may not be limited to, the surgical learning curve, more extensive ACL tibial stump excision, and suspensory cortical tibial fixation.
All-inside reconstruction has been biomechanically assessed. Outcomes of all-inside and complete tibial tunnel techniques using an allograft tendon are comparable. 15 Additional case series have shown improved functional outcomes between baseline and 2-year clinical follow-up when the all-inside technique is used. 23, 31 However, a cohort comparison of all-inside hamstring autograft reconstruction versus complete tibial tunnel reconstruction has not been reported in the literature. Regardless of graft type, failure and revision rates are reported to be higher in younger patients, likely because of their active lifestyle and quicker return to sport. 1, 14, 21, 22 The purpose of this study was to compare clinical results and patient-reported outcomes (PROs) of a large group of patients who underwent hamstring autograft ACLR by an all-inside technique versus those who received a complete tibial tunnel during ACLR. We hypothesized that outcomes of ACLR using hamstring autograft with the all-inside technique would be comparable to outcomes of the complete tibial tunnel technique.
METHODS
This retrospective cohort study was performed at a single institution after approval was obtained from an institutional review board. The medical record database was queried for all patients who underwent ACLR from July 2011 to July 2015 by 1 of the senior authors (M.J.S., D.L.D., B.A.L., or A.J.K.). Patients were included only if they had primary ACLR with semitendinosus or semitendinosus/gracilis autograft. A total of 210 patients were initially identified for this study. Exclusion criteria consisted of revision ACL procedures, the use of allografts or patellar tendon autografts, concomitant posterior cruciate or collateral ligament surgery, and a lack of minimum 2-year patient follow-up. Patients were not excluded on the basis of age. Overall, 12 patients with revision ACLR, 2 patients with multiligament reconstruction, 1 patient with a combined allograft-autograft construct, and 1 patient with reactive arthritis were excluded. Of the 194 eligible patients, 136 (70.1%) were contacted at minimum 2-year follow-up ( Figure 1) . Each patient's operative note was manually reviewed to confirm the surgical technique performed, including the graft type, graft construct, fixation technique, and other intraoperative details such as concomitant procedures. The patients were assigned to 1 of 2 groups: all-inside technique or complete tibial tunnel technique. Medical records of all patients were reviewed to obtain the patient demographic characteristics, injury details, physical examination findings, graft diameter, complications, return-to-sport time, and clinical outcomes. Patients were contacted via telephone when necessary. Failure was defined as graft rupture and/or requirement for revision reconstruction.
Surgical Technique
Patients in this study underwent primary ACLR with either an all-inside or a complete tibial tunnel technique according to the individual surgeon's preference. The graft constructs were composed of quadrupled semitendinosus tendon or combined doubled semitendinosus and doubled gracilis tendons. Further folding of the semitendinosus tendon strands and/or augmentation with additional hamstring strands was required in 4 cases (2 patients with a 6-strand gracilis-semitendinosus construct and 2 patients with a 7-strand gracilis-semitendinosus construct) to achieve the necessary graft thickness.
For the all-inside reconstructions, the femoral socket was created with a low-profile reamer and drilled in anterograde fashion from within the joint or in a retrograde fashion by use of a FlipCutter (Arthrex) to an osseous depth of at least 20 mm. The transportal offset guide was positioned to create the socket at the insertion site of the direct ACL fibers with a 1-mm proximal wall. The tibial socket was created in a retrograde fashion by use of a FlipCutter. The guide was positioned to create the socket aperture adjacent to the lateral meniscal anterior horn attachment. The graft was passed into the knee through the anteromedial portal, the femoral button was engaged on the lateral femoral cortex, and the graft was advanced into the femur through use of TightRope (Arthrex) shortening strands. The distal end of the graft was then passed into the tibial socket, and the TightRope button was engaged on the medial tibial cortex. The entire construct (GraftLink; Arthrex) was tensioned in full extension, the knee was flexed and extended, and the graft was retensioned on both the tibial and femoral sides.
For the complete tibial tunnel technique, a low-profile reamer was used to create a femoral socket that was at least 20 mm long. The transportal offset guide was positioned to create the socket at the insertion site of the direct ACL fibers with a 1-mm proximal wall. The tibial tunnel was created by means of a rigid reamer or a FlipCutter. The guide was positioned to create the tunnel aperture adjacent to the lateral meniscal anterior horn attachment. The graft was passed into the tibial tunnel, through the intra-articular space, and into the femoral socket. The cortical fixation device, either Endobutton (Smith & Nephew), TightRope, or RetroButton (Arthrex), was engaged on the femoral cortex. The graft was tensioned in full extension; the knee was flexed and extended and then fixed with a tibial Bio-Compression Screw (Arthrex). The screw diameter matched the tunnel size, creating a line-to-line fit.
All patients underwent a standardized postoperative rehabilitation program, including immediate knee extension equal to the preoperative measurement, return to running at 3 months, and return to cutting and pivoting sports at 9 to 12 months.
Statistical Analysis
Patient characteristics including demographic factors, time from injury to surgery, duration of in-clinic and patient-reported follow-up, physical examination findings, complication rates, and final outcomes were summarized by use of descriptive statistics including mean, standard deviation, range, and percentage when necessary. The appropriate hypothesis testing (Fisher exact test, Wilcoxon rank-sum test, and Pearson chi-square test when applicable) was performed via JMP Pro 10.0.0 to assess for statistically significant differences in group demographics, complications, failure rates, physical examination findings, and PROs as well as to compare results across surgical technique, graft diameter, graft construct, and fixation device. Kaplan-Meier survival analysis was used to compare time to failure between both patient groups. P values less than .05 were considered to be statistically significant.
RESULTS
A total of 82 patients in the all-inside group and 54 patients in the complete tibial tunnel group had a minimum follow-up of 2 years and met all inclusion criteria. Demographic characteristics of both groups are provided in Table 1 . Concomitant injuries and operations at the time of index surgery in the 2 patient groups are described in Tables 2 and 3 . Presence of a lateral meniscal tear in more patients from the all-inside group was the only difference between the groups that reached statistical significance, however this difference likely did not affect overall outcomes.
The most commonly used graft construct and fixation in the all-inside group was a quadrupled semitendinosus autograft (74.4% of procedures), and 100% of procedures used the TightRope fixation device. The most commonly used graft in the complete tibial tunnel group was a combined double semitendinosus with double gracilis (92.6% of procedures); 65% of procedures used the Endobutton, 34% the TightRope, and 1% the RetroButton fixation devices. The mean graft diameter was 9.0 mm (range, 8.0-10.5 mm; SD, 0.6 mm) in the all-inside group versus 8.3 mm (range, 7.0-10.0 mm; SD, 0.7 mm) in the complete tibial tunnel group (P < .0001).
Physical examination data at the latest in-clinic visit for those patients who did not experience failure are displayed in Tables 4 and 5 . At a mean 2-year follow-up, the mean range of motion in the all-inside group was 0. Overall, 8 of 82 patients (9.8%) in the all-inside group and 10 of 54 patients (18.5%) in the complete tibial tunnel group experienced failure prior to final followup (P ¼ .200). Complication and reoperation rates are described in Table 6 . PRO scores are presented in Table 7 .
No statistically significant difference was found in Lysholm and IKDC scores between the 2 groups of patients; however, those in the complete tibial tunnel group had higher Tegner scores at the latest follow-up (P ¼ .048). Differences in failure rates, complications, and reoperation rates between the 2 groups did not reach statistical significance, as shown in Table 6 . Furthermore, no statistically significant relationship was found between postoperative outcomes and fixation type, graft diameter, or graft construct. Average time to return to sport was 12.5 months in the all-inside group compared with 9.9 months in the complete tibial tunnel group (P ¼ .028). Graft diameter for the entire group of patients was stratified into 2 size brackets: >9 mm or 9 mm. The failure rate in those with a graft diameter >9 mm was 11.43% compared with 15.15% in those with a diameter 9 mm. Fisher exact test revealed no significant difference in failure rate between the 2 graft diameters (P ¼ .616). One patient in the all-inside group had 2 reported complications.
c Other complications included 2 chondral defects requiring debridement and 1 case of superficial wound dehiscence requiring reoperative closure. Other surgeries included 1 high tibial osteotomy, 1 loose body removal, and 1 meniscal allograft transplant in the all-inside group and 1 tibial hardware removal in the complete tibial tunnel group. Mean time to failure was 13.59 ± 5.65 months in the allinside group and 21.44 ± 12.86 months in the complete tibial tunnel group. A survival plot comparing time to failure is shown in Figure 2 .
DISCUSSION
The present study is a comparative analysis of a large group of patients who underwent ACLR by means of hamstring autograft with an all-inside method (GraftLink) or a complete tibial tunnel technique, performed during the same time period (July 2011 to July 2015). Our cohort of 136 patients represents the largest of such studies to date comparing these techniques. The data showed that both allinside and complete tibial tunnel ACLR techniques resulted in successful restoration of knee ligamentous stability, positive PROs, high return to sport rates, and overall comparable results. Furthermore, the all-inside technique demonstrated a lower failure rate. Our hypothesis was supported in that patients who underwent all-inside ACLR had similarly positive PROs and physical examination results relative to those who underwent complete tibial tunnel reconstruction. Failure rates between the 2 groups were not significantly different; however, the high failure rate observed in the complete tibial tunnel group is concerning.
The mean postoperative Tegner score in the all-inside group was 6.4 (range, 5-8; SD, 0.8) (preinjury score, 6.6 [range, 4-8; SD, 0.8]), and in the complete tibial tunnel group it was 6.8 (range, 5-9; SD, 0.9) (preinjury score, 7.0 [range, 5-9; SD, 0.7]) (P ¼ .048), indicating that patients in both groups returned to near their preinjury levels of activity, which were predominantly nonelite recreational or competitive sport levels. 4, 27 Although the higher Tegner scores demonstrated by the complete tibial tunnel group reached statistical significance, this finding is likely not clinically significant given the similarity in magnitude of mean scores between the 2 groups. The mean age for both groups fell within that of a relatively active age group, and thus this difference in score is not likely confounded by patient age. Mean postoperative IKDC scores were 93.5 (range, 62.1-100; SD, 8.4) in the all-inside group and 93.3 (range 77.8-100; SD, 7.0) in the complete tibial tunnel group (P ¼ .497), indicating that patients in both cohorts had little to no limitation with daily or sporting activities and minimal or absent symptoms following surgery. 7 Mean postoperative Lysholm scores were 93.8 (range, 60-100; SD, 7.8) in the all-inside group and 94.4 (range, 63-100; SD, 7.6) in the complete tibial tunnel group (P ¼ .621) suggesting an excellent level of knee performance. 18 The findings of the present study are consistent with those reported in the literature. Volpi et al 28 used Tegner, Lysholm, and IKDC scores to compare 20 patients with allinside reconstruction and 20 patients with traditional transtibial reconstruction; the investigators found comparable outcomes in return to sport and articular function and concluded that all-inside reconstruction did not yield superior results. A randomized controlled trial by Lubowitz et al 15 showed no difference in IKDC scores between patients undergoing all-inside versus complete tibial tunnel ACLR, although patients from that study specifically underwent an allograft tissue reconstruction. Benea et al 2 randomized 46 patients to undergo either all-inside or complete tibial tunnel ACLR and found no significant difference in mean IKDC subjective scores at 6 months postoperatively.
In the current study, 8 patients (9.8%) in the all-inside group and 10 patients (18.5%) in the complete tibial tunnel group experienced graft failure requiring revision surgery prior to final follow-up. This observation was not statistically significant, but the high failure rate for hamstring autograft ACLR with a full-length tibial tunnel is concerning. Of note, the higher failure rate was not associated with any of the individual contributing surgeons in this study. All-inside ACLR failure rates reported in the literature range from 4.9% to 12.7%. 3, 8, 23, 31 The mechanism of failure for all grafts in this study was either sports-related injury or trauma, consistent with the reports of prior studies. 23, 31 In contrast to our findings, Connaughton et al 8 reported a Survival plot comparing time to failure between both groups of patients shows a mean time to failure of 13.59 ± 5.65 months in the all-inside group and 21.44 ± 12.86 months in the complete tibial tunnel group. Furthermore, the plot illustrates an ultimately higher failure rate in the complete tibial tunnel group; however, this did not reach statistical significance.
concern for higher graft failure rates in all-inside ACLR; however, the studies used in their analysis entailed allograft reconstructions, which are inherently more prone to failure in the young, active patient population. 14, 19, 22 No conclusive findings regarding graft failure rates with autograft reconstruction using the 2 reconstruction techniques were found in the literature.
In our study, graft diameter was larger on average in the all-inside group versus the complete tibial tunnel group (9.0 vs 8.3 mm, respectively). Prior studies have reported that smaller graft diameter may play a role in worsening outcomes following ACLR. 16, 25, 26 In our study, smaller graft diameter (9 mm) was not correlated with higher failure rates (P ¼ .616). Although the graft diameter was larger in the all-inside group, this is consistent with the nature of the technique and should be viewed not as a confounder but rather as an inherent property of this surgical technique when compared with complete tibial tunnel reconstruction. Wernecke et al 29 reported that increased hamstring autograft diameter did not significantly reduce the need for revision ACLR or improve clinical outcomes. However, prior studies have documented that hamstring grafts smaller than 8 mm are more vulnerable to failure. 16 In the current study, the return-to-sport interval was significantly shorter and graft diameter was significantly smaller in the complete tibial tunnel group. However, it is not likely that earlier return to sport was a causative factor, as graft failure occurred at a mean of 21.44 months after surgery in the complete tibial tunnel group. This study is limited by its retrospective nature. The 2 groups of patients differed in mean age (25.8 vs 21.1, P ¼ .008) at the time of surgery; however, both ages fell within an accepted range of skeletal maturity. 6, 11, 12 Preinjury Tegner activity scores were similar between the 2 groups, suggesting comparable preinjury activity levels. The patient groups had comparable body mass index, numbers of concomitant injuries and operations at the time of index surgery, duration from injury to surgery, and preoperative activity scores but were not explicitly matched by their comorbidities or demographic features. Four surgeons at a single institution performed the procedures, which could have led to slight variation in technique, graft selection, and fixation devices. In addition, 30% of eligible patients were lost to follow-up. Finally, use of the Tegner activity score and return to sport as outcome measures has inherent limitations, given that these parameters fail to incorporate how psychological factors or life events may prevent patients from participating in their highest level of activity or desired sport over the course of their rehabilitation. Despite the above limitations, our large sample of compatible patient cohorts, thorough analysis of preoperative patient and injury characteristics, and duration of clinical examination and patient-reported follow-up have provided the means for valuable information to guide ACLR practices.
CONCLUSION
All-inside and complete tibial tunnel hamstring autograft ACLR resulted in excellent physical examination findings and patient-reported outcomes at minimum 2-year followup. Both techniques successfully restored knee stability and patient function.
